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T h i s  r epor t  Is submitted by Pioneer Parachute Company In 
accordance w i t h  paragraph 1.17 of Sect ion B of t h e  Work State- 
ment contained i n  Martin Company Procurement Spec i f i ca t ion  No. 
LY 810507, dated February, 1967. 
The subjec t  parachutes were designed and manufactured 
under Martin-Marietta Corporation Contract No. MC7-709025, 
dated March 1967. 
2.0 DESIGN SPECIFICATION 
The parachute  sys t em described I n  Martin Company Procure- 
ment Spec i f ica t ion  No. LY 810507 I s  f o r  u s e  in t h e  rocket- 
launch phase of the  P l a n e t a r y  E n t r y  Parachute Program. 
The s y s t e m  as spec i f ied ,  cons i s t s  of 
(a) parachute, 
I 
(b) riser, b r i d l e ,  f i t t i n g s ,  I 
( c )  deployment bag, - 
(d)  r e ree f ing  components, and 
(e) miscellaneous supporting hardware. 
2.1 Parachute 
I The spec i f i ed  parachute I s  a 40-ft-nominal-diameter ! 
. I  
r i n g s a i l  having the  same b a s i c  geometric shape and porosity 
proport ions as t h e  3O-ft r i n g s a i l  parachute, Pioneer Dwg. No. 
1.119. Cloth porosi ty  is disregarded. The suspension-line 
l eng th  is no g r e a t e r  than the nominal parachute diameter. 
The co lo r  of  t h e  canopy i s  na tu ra l  w i t h  a 6-in.-wide blue 
Fsr lpe  on t h e  Ins ide  of t h e  canopy from the vent t o  the bottom 
of t h e  s k i r t  and around t h e  bottom of the s k i r t .  The substance 




t h e  f l e x i b i l i t y  o f  t h e  canopy material. 
2.2 Riser System, Deployment Bag and Rereeflng Component8 
Risers, b r i d l e s ,  and deployment bags are i n  accordance 
w i t h  LRC Dwg. LC-151819. The f i t t i n g s  shown on the drawing 
were supp l i ed  by Martin Company. The parachute as suppl ied 
I s  packed for s e r v i c e  i n  a deployment bag compatible w i t h  the 
I rv ing  Type I mortar. The s p e c i f i e d  packed dens i ty  I s  40 * 2 
l b / f t 3 .  A balsawood f i l l e r  block i s  i n s t a l l e d  I n  t h e  deploy- 
ment bag p r i o r  t o  packing. Its s i z e  is such as achieves the . 
required pack dens i ty .  
A r e ree f ing  sys t em is included i n  t h e  spec i f i ed  parachute 
system t o  reduce t h e  drag a rea  of t h e  parachute and t o  achieve 
a terminal  ve loc i ty  of 40 ft/sec at  4000 f t .  
The r e r e e f i n g  mechanism is t o  be i n s t a l l e d  by Martin Company. 
2.3 Deployment Conditions and Weight 
The s p e c i f l e d  nominal payload weight i s  205 l b ,  and the 
weight of the parachute i s  30 t o  35 l b ,  excluding t h e  riser 
system but including t h e  deployment bag. 
The parachute is capable of opening without s t r u c t u r a l  
fa i lure  at  mach 1.6, dynamic pressure  of 1 2  l b / f t 2 ,  v e l o c i t y  of . 
1650 f't/sec, and a mortar e j e c t i o n  ve loc i ty  of 120 ft/sec. 
2.4 Miscellaneous Requirement8 
The complete parachute system, as s p e c i f i e d ,  i s  capable 
of deployment and o f  sus ta in ing  opening loads without s t r u c t u r a l  
f a i l u r e  af ter  being subjected t o  125OC f o r  120 hr  whi le  packed. 
I n  addi t ion ,  t h e  system Is shipped i n  a reusable  conta iner ,  t o  
prevent t h e  parachute pack from growing I n  s i z e  during shipping 
and s torage.  T h i s  conta iner  and any packing material used also 






















The spec i f i ed  margin of safety of s t r u c t u r a l  loads is 
p o s i t i v e  i n  a l l  Casese 
Each component p a r t  t h a t  can be disconnected from the 
sys t em has an i d e n t i f y i n g  s e r t a l  number. 
3 . 0  DESIGN DATA 
. The parachute s y s t e m  was designed t o  meet t h e  requirements 
given i n  Sect ion 2.0 and cons i s t s  of a parachute w i t h  a t tached 
riser, an intermediate  r i s e r ,  a vehicle-attachment riser ( o r  
b r id l e ) ,  and a deployment bag. 
The secondary riser and r e e f i n g ' l l n e s  were considered p a r t  
of t h e  parachute assembly. 
diameter r i n g s a i l  with 36 gores; the 40-ft suspension l i n e s  
were sewn d i r e c t l y  onto a four-legged riser. 
The parachute I s  a 40-ft-nominal- 
The basic shape of t h e  uninf la ted  parachute Is approximate- 
l y  a quarter-sphere. 
which sail  9 i s  omitted t o  form a 14-in. gap. 
of the  canopy I s  1257 f t2 .  
The canopy has 11 r i n g s  and sails, of 
The t o t a l  area 
Using a CD of 0.60, t h e  estimated 
drag area f o r  the chute  I s  754 f t 2 .  
The t o t a l  geometric porosi ty  ( A g )  is 15%. The geometric 
po ros i ty  of  t h e  crown area ( X  ) I s  2.27%. 
gC 
4.0 GORE LAYOUT AND PARACHUTE CONFIGURATION 
The parachute t y p e ,  diameter, and geometric poros i ty  
were spec i f i ed  by Martin Company Procurement Spec i f i ca t ion  NO. 
LY 810507. 
w i t h  40-f t  nominal diameter and 15% geometric porosi ty .  
Pioneer selected a 36-gore conf igura t ion  as the  optimum. 




The area So of t h e  canopy was ca lcu la ted  from the equa- 
t ion  
= x DZ - x 402 = 1256.64 f t2 ,  
where Do is t h e  nominal diameter. 
parameters were then applied t o  determine t h e  diameter of the  
sphere on whose sur face  t h e  required canopy area would subtend 
a 108O ver tex  angle (see Fig. 4-1). 
The s t i p u l a t e d  r i n g s a l l  
4 . 1  Basic Gore Geometry 
Ringsa i l  parachutes have typ ica l ly  presented many prob- 
lems a r i s ing  from info ld ing  a t  t h e  s k i r t  caused by the excess 
material required for fu l lness .  
and thereby t o  minimize Infolding,  it was decided t o  increase  
To e l imina te  such excess,  
t h e  above-calculated canopy area i n  t h e  r a t i o  of 38:36 and 
t o  r eca l cu la t e  t h e  sphere diameter accordingly. The gore . 
parameters were then calculated as If t h e  parachute were t o  
have 38 gores. However, t o  keep t o  t h e  p r o p e r  canopy area, 
only 36 gores were assigned t o  each parachute. 
Hence, t h e  area used t o  ca l cu la t e  t h e  r ad ius  of t h e  sphere 
waa 
A = 1256.64 x $ =  1326.45 it2. 
Referring again t o  Fie. 4-1,  w e  can see t h a t  
A 1326.45 - 1 6 + h2) s 
and we  compute as  f 0 1 1 0 W S .  
h = 0.412R; 
c/2 
tan 5 4 O  = m a  
C -'1.176R x tan 5 4 O  - 1.176R Y 1.3764 
4 
- 1.61865R. 
































S u b s t i t u t i n g  these v a l u e s  of C and h,  w e  f i n d  
R - 22.6261 ft. 
T o t a l  height  of gore = 22.6261 x 12 x 5gii- 4 X T  - 255.90 In. 
The method of c a l c u l a t i n g  t h e  bas i c  gore dimensions and t h e  
r e s u l t a n t  dimensions are i l l u s t r a t e d  In Pig. 4-2. 
Following c a l c u l a t i o n  of  t h e  b a s i c  gore dimensions, the  
number of sa i l s  w e s  determined. I t  was decided t o  use half- 
w i d t h  c l o t h  f o r  t h e  sails s ince  t h e  c l o t h  was 45 In.  wide. 
T h i s  r e s u l t e d  i n  11 sails; the  upper four were a c t u a l l y  r ing8  
separated by s l o t s .  The w i d t h s  of  t h e  f o u r  s l o t s ,  from t h e  
- t o p  down, were 4 ,  3, 2, and 1 i n . ,  r e spec t ive ly .  To achieve 
t h e  requi red  15% minimum geometric po ros i ty ,  t h e  9 t h  sail  was 
omitted.  A l l  sai ls  were 21.5 In .  high ( f i n i s h e d )  except 
r i n g  1, which was 20 i n .  h i g h ,  and s a i l  11, which w a s  2 1  i n .  
high.  Since t h e  dis tance up t h e  c e n t e r  of t h e  gore was known 
fo r  t h e  leading  and t ra i l ing  edges of each sail ( o r  ring), I t  
was poss ib l e  t o  c a l c u l a t e  t h e  gore width a t  a l l  necessary 
p o i n t s  by s t r a i g h t - l i n e  i n t e r p o l a t i o n  between t h e  c l o s e s t  two 
va lues  taken from F i g .  4-2. 
After t h e  b a s i c  r i n g  and sa i l  dimensions were ca l cu la t ed ,  
f u l l n e s s  was added. The bas ic  r i n g  and s a i l  dimensions, w i t h  
and without f u l l n e s s ,  are shown i n  Table  4-3,and the f u l l n e s s  




3c0 * 4.73664" 8 = F - i T s  
= 0.08267 radians 
Rrc a, 
in. * 
2 arc B, 
In. 
-Arc 8 ,  
i n . t  
0 








3.699 7.798 1.3963 379 11 208.52 
184.82 11.618 1.3090 
1.2217 
_.._-- 




9.486 18  . 971 1.1345 I 65 i 0.4226 137.44 
22.446 1.0472 --- 
0.9599 
284 . 33 
260.62 
--. -_-- 113.74 11 .223  
12.875 90.03 




0.8727 236.95 1 4  . 428 28 . 856 
- 
0.7854 42.65 15.871 31.743 213.24 
189.54 1 7  193 34 . 387 1 1 0.6981 18.95 0.7660 
0.8090 1- 0 . 6283 170.59 0 18 . 159 36 . 317 
*Arc a - R a ,  where R I s  i n  Inches and a i s  i n  radians. 
?Arc 8 = €38 cos a ,  where R i s  In inches and 6 is  i n  radians. 
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l i e x t ,  t h e  p a t t e r n  dimensions ( inc lud ing  seam allowances) 
The f i n a l  p a t t e r n  d%nensions are suimnarlzed were ca l cu la t ed .  
I n  Fig. 4-11, 
4.2 Geometric P o r o s i t x  
T h i s  s e c t i o n  presents  t h e  c a l c u l a t i o n s  requi red  t o  y i e l d  a 
40-f t -dia .  r i n g s a i l  parachute w i t h  a geometric po ros i ty  of l5%, 
as e s t a b l i s h e d  by NASA. T h e  method used is t o  determine the 
t o t a l  area of a s i n g l e  gore (from t h e  b a s i c  gore dimensions 
c a l c u l a t e d  by t h e  method descr ibed i n  s e c t i o n  4 . 1 )  and then  t o  
compare t h a t  area w i t h  the t o t a l  open area i n  t h e  gore. 
To determine the  t o t a l  area of a gore,  w e  assume t h a t  a 
gore comprises a number of  t rapezoids  ana a te rmina l  t r i a n g l e  
( a t  the  vent end).  F i g u r e  4-5 (not  t o  s c a l e )  i l l u s t r a t e s  how 
t h i s  assumption can be a p p l i e d  t o  t h e  4 0 - f t  parachute.  
t h e  dimensions shown are taken d i r e c t l y  from t h e  geometry 
c a l c u l a t i o n s  i n  Sec t ion  4 . 1  and a r e  i n  inches.  
All 
The area of each t rapezoid  and t h e  area of t h e  t r i a n g l e  
were ca l cu la t ed  and summed t o  y i e l d  t h e  to ta l  gore  area, 
The open area was ca lcu la ted  a f t e r  the  number of sails, 
t h e i r  s i z e ,  and the  percentage of f u l l n e s s  allowed had been 
determined (see Sec t ion  4 . 1 ) .  The open area can be thought 
of as comprising four types: 
( a )  t h e  vent ( t h e  area covered by t he  vent l i n e s  must be 
s u b t r a c t e d  from t h e  t o t a l )  , 
(b) t he  s l o t s  i n  t h e  crown area (assumed t r apezo ida l ) ,  
( c )  t h e  9 th  sa i l  (which w i l l  b e  omitted, l eav ing  an 
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5 .345  I 9.008 1 2 2 . 5 7 6  
9.520 I 13.263 I 2 2 . 5 7 8  
13.594 I 17.252 I 22.574 
17 .413  I 20.970 I 22.570 




M I T T E D  
8 22.5 
9 0 
10 22.5 3 4 - 4 6 9  39.587 22.645 
11 22.5 36.902 42.403 22.668 
Figure 4-4. Ring and sa i l  patterns for t: 
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Fig. 4-5. Basic gore of  the 40-ft r i n g s a i l ,  




(d)  t he  sail scoops (treated here as t r i ang le s ) .  
I n  f l i g h t ,  t h e  s a i l  scoops w i l l  probably assume crescent  . 
shapes b u t  may at any given time resemble anything from 8 
t h i n  crescent  t o  an e l l i p s e .  Seventy-five percent of the 
t r i a n g u l a r  shape I s  taken as a reasonable approximation. 
Poss ib le  and assumed shapes a r e  i l l u s t r a t e d  i n  Fig. 4-6. 
Geometric Porosi ty  X ( i n  percent)  is ca lcu la ted  from 
g 
the formula 
A =  ( t o t a l  open area)  x 100 
J3 ( t o t a l  area) . (4-1) 
The ca l cu la t ions  made f o r  t h e  40-ft-dia.  r i n g s a i l  parachute 
follow. 
Total  a rea  of one gore (see Fig.  4-5 for dimension 
re ferences)  . 
(35.352 x 18.95) t 23.71 (30.2995 + 24.098 
+ 13.4855)+ 23.70 (33.065 + 20.7085 
+ 9.708) + 23.67 (27.303 + 17.162) + (23.68 x 5.856). 
+ (3.528 x 4.80) + (1.571 x 18.90) = 5021.7208.1n 2 . 
Tota l  open area of one gore - ( a )  + (b) + (c )  + (a), 
where a l l  dimensions are obtained from t h e  r i n g  and s a i l  
dimensions calculated i n  Section 4.1: 
(a) Vent. 
4 [(base) - (vent-line o v e r i a p ) j  
x [ ( a l t . )  - (vent-l ine overlap)]  
* S (3.142 - 0.75) x (18.90 - 1.0) - 21.4084 in2. 
( b )  Slots (less radial-tape blockage) 
[I x (18.3755 0.75)I + C2 x (14.7865 - 0.75)I 
+ 13 x (10.934 - 0*75)I+[4  x (6.8295-0.75)] - 92.5685 In2. 
13 
(a) Probable actus ahape 
(b) Possible Shape - 34/38 2 
( c )  75% of area of t h i s  shape assumed for 
porosity calculations 
Pig. 4-6. Scoop shape. All dimensions 
are in Inches and are taken from Section 4.1. 
They are f o r  t h e  trailing edge of S a l 1  11 
and the leading edge of s a i l  10. 
Slots + vent - 113.9769 In2; 
a (crown area geometric porosity)- m, . 
gc . 
= 2.27%. Figure 4-7 of tnis report indicates that the 
crown-area geometric porosity for a 40-ft-Do ringsail should 
be approximately 2.4%. 
( c )  Omitted 9th sail less radial-tape blockage (see 
F i g .  4-8). 
x 
areal = 14.00 x 1/2(29.307 + 31.010) + 3/4(14.6535 
- [15.4352 - 14.6535 3 ’ = 4184914; 1 . -  
x 4.84914) = 475.5116 in2, 
(d) Sail scoops less radial-tape blockage (see Fig. 4-9). 
X2 DL C17.91652 - 16.7042]4 = 6.47899; 
area2 = 3/4(16.704 x 6.47899) = 81.1687 In2. 
x3 = [13.8772 - 13.2895 3 ’ = 3.99503; 
area = ?/4(13.2895 x 3.93503) = 39.8189 in 2 . t 
i 3 
x4 = [12.2432 - 11.8402]’ = 3.11535; 
area4 = 3/4(11.840 x 3.11535) = 27.6643 in2, 
x5 = [10.57252 - lO.39l2]’ = 1.95060; 
area = 3/4(10.391 x 1,95060) - 5 
Area of scoops * 163.8534 In 2 . 
Total open area: 
21.4084 + 92.5685 + 475.5116 + 163.8534 = 753.3419 In 2 . 
Hence, from Eq. (J+-l), the percentage of total open area, 
(see F i g .  4-10). 
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$ Bottom of 8th s a i l  g r a d l a w .  
-- 8.307- 
Top of 9th 
s a i l  
-radial . 
Top o f  10th 
s a i l  
-radial  
F i g .  4-8. Geometry o f  omitted 9th sai l .  
- sa i l  -radial 
Top of  8 t h  sail -radial TOP of 11th sail -radial 
L bottom of 
sa i l  -radial 
4 bottom of 5th 
Top of 6 t h  s a i l  -radial 
( C )  
Top of 7th sai l  -radial 
Fig. 4-9. Geometry of' the s a i l  scoops, 
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I 
Open vent area = 21.4084 i n  li 
P 
R 
1- Open s l o t  area = 92.5685 i n  
d scoop area = 15.2015 i n  







1 Scoop area = 39.8189 i n 2  
lo,, area = 475.5116 i n 2  
Scoop area 
= 81.1687 i n  
- Total area of  basic gore from 
Page 2-1 = 5021.7208 in2 
I open areas x 100 Total Area A = E  g 
753.3419 x 100% 
5021.7208 A =  g 
F i g .  4-10. Poros i ty  Distribution 
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5.0 SNATCH F O R E  (SEE FIG. 5-11 
% = (1202 + 2 x 32.2 x 32.14) 
= 126.3 ft/sec.  
x (no. of gores) x ( l i n e  
pS ( LS + L r ) x ( X  elongation) 
(35/32.2) x 128.32 x 36 x 550 =c 50 x 0.30 I’ 






128.3  ft ,/see 
Figure 5-1. Design considerations for 
calculating snatch force at l i n e  stretch,  due t o  
mortar f i r ing  downward. 
19 
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6.0 OPENING FORCE - .  
The opening force  of the 40-rt r i n g s a i l  was obtained ihom- 
a computed t r a j ec to ry .  
I n  Appendix A. 
The a c t u a l  computer run Is included 
The s t a r t i n g  conditions assumed a CD o f  0.6 and Qn 
i n f l a t i o n  time of 0.35 sec  (see Fig. 6-11. 
The deployment conditions as defined by the procurement 
spec i f i ca t ion  and hence used as s t a r t i n g  condi t ions  f o r  t h i s  
. t raJec tory  were . 
q = 12.0 l b / f t 2 ,  
v = 1650 ft/sec, and H = 128,300 f t ,  
-t 
i~ * 1.6. 
From t h e  above assumptions and condi t ions,  the computed 
opening force  was 7958 lb. 
7.0 PARACHUTE SIZING 
The s i z e  of t h e  parachutes t o  be manufactured was defined 
by t h e  Martin Company Procurement Spec i f ica t ion .  
was no i n d i c a t i o n  that t h e  spec i f i ed  s i z e  would present  any 
problems as far as s t rength ,  weight ,  o r  volume were concerned, 
Since there 
no change i n  s i z e  was proposed. 
8.0 STRESS ANALYSIS  
The margins of s a fe ty  ca lcu la ted  f o r  t h i s  parachute arc 
summarized i n  Pig. 8-1, and t h e  design f ac to r s  used a r e  given 
i n  Table  8-1. 
Ultimate suspension-line load. 
= (no. of l i n e s )  x ( l i n e  s t r e n g t h )  
= 36 x 550 






yMeS* +148*61 /-M.s. - = +23.1;. 
e -  
= +  
+6 . 4% 
Radial  tape 
Skirt band 
Suspension line 
21.9% 550 l b  U l t o  t . 8 .  
M.S. - +5'1.3% 
1 _ * . s .  = +54.3% 
M.S. assuming 2 legs 
carry tota l  load 
= +38.1% 
(See Pioneer 
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. -  
Allowable load f o r  suspenslon l i n e s .  
9706 I b .  
Margin of safety for suspension l i n e r .  
- 1.0 M*S* worst-case load developed load al lowable 
= 0.219 or  t 21.9%. 
Ultimate radial-member load. Assume that a l l  radial 
loads are c a r r i e d  by 36 r a d i a l  t apes  I n  tens ion  (l.e., t h e  
canopy c l o t h  does not  carry any radial load).  
= (no. of r a d i a l  tapes i n  tens ion)  P u l t  
x ( u l t .  t.s./tape) 
- 1.0 load allowable = worst-case load developed 
802 = - 1.0 
24 = 0.231 or  23.1%. 
i 
= 36 x 550 
= 19,800 lb .  
Allowable load for r a d i a l  members. The design f a c t o r  o f  
2.02 I s  taken from Table 8-1. 
= Pult 
'allow design factor 
= ,q.#!. 
- 9,802 lb. 





Load, Acting on Main Seam (expianation of Table 8-2). - 
1. For selected r ings,  determine (2 )  c l o t h  area inc luding  
f u l l n e s s ,  less seam allowance and take-up, 
2. From spherical coordinates of bas ic  gore dimensions, 
w e  ob ta in  t o t a l  a r e a  of crown f o r  combination of r l n g  selected. 
3. Assuming t h a t  crown i n f l a t e s  with a hemispherical 
p r o f i l e  (a good assumption s i n c e  eva lua t ion  of' r i n g - s a i l  para- 
chute  p r o f i l e s  i n d i c a t e  the p r o f i l e  I s  very c l o s e  t o  a hemis- 
phere), we calculate a radius.  
4. From Fig. 8-2, f o r  a given rad ius ,  w e  determine the  
corresponding force.  (A good method s ince  comparison of rlng- 
sa i l  p r o f i l e  t o  fo rce  ind ica tes  our assumption of loads vs 
p r o f i l e  f o r  t h i s  configurat ion I s  good.) 
5. By d iv id ing  t h e  force by t h e  c l o t h  area that  the  
force  a c t s  on, we can determine the  pressure  a c t i n g  on the 
selected rings, 
6. By tak ing  the product of t h e  p ressure  and rad lus ,  
w e  ob ta in  a load I n  l b / in .  a t  a given poin t  on the  main seam. 
Worst case is f o r  Case 4, where load i s  9.68 lb/ in .  - Pdev 
0 
Assume maximum load I s  ca r r i ed  by c l o t h  above gap. 
Allowable l o a d  f o r  canopy c lo th ,  
u l t  s t r e n g t h  c l o t h  ( w a r p )  31 
'allow design f a c t o r  
I 34  lb / ln .  
= 10.3 lb/in,  
3-  31 
Margin of safety for c lo th ,  
D 


















Apportion Fo t o  canopy shape, 
during I n f l a t i o n  process,  t o  
determine worst case f o r  load 




Cloth area Including 
f u l l n e s s ,  less seam 























160 . 00 
105.33 











lb/ ln  




0 . 0439 
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tond c l e w e d  In s k i r t  ban d (Method lo_) 
Determine 46 
. 40 coeeq 8 - - 13.3 . - 3.007 - 19O25' 
Use = 194O 
Calculate Py 
= F sin 19%' - 221.05 x 0.333 
= 73.61 lb 
FY 8 
- Fy - Fy 
For convenience, we assign F forces acting towards the C/L of' Y 
the parachute-values and + values to the forces acting outwards on 
the cloth panels. 
The tension force (T) in the skirt band 1s a function of the 
force + F and the Ca taken by the scallop at the s k i r t .  Y 
I 
28 I 





NOTE: From evaluation of 
l n f  la ted  parachute8 
+a appears t o  b e  not less 
than loo. 
Uniform load 
Free Body Diagram 
Y -5 -F P 
P = T = ctn  a 2 'dev 
73 .61  = 5.671 x -2 
= 208.72 l b  
Allowable load i n  s k i r t  band 
I u l t .  t . s .  tape (rated) 
'allow Design Factor 
- 280 lb 
Margin of safety  for  s k i r t  band 
'allowable - l .o  
'developed *'' 
M.S. = 
- 1.0 - 1.341 -1.0 = +34.1% " m  
U s e  Pioneer 
tape Spec. 
66-5, Type I1 
Load developed in vent band (Method 13) 
- .  
From 10 Py * 73.61 lb .  
vent tape 7% shorter than constructed 
diameter of the  vent, we arc able to  
carry at least 20% of the  F load in 
the vent tape. 




1 .  
I 




Vent Tape ( o r  l i n e )  
Free-body Diagram 
= F x -80 
= 58.88 l b  
Fvent Y 
Use the following formula 
. "%7 Wesolve for Pdev: 
= 'vent 
Pdev 281x1 jF2 #Gores) 
I 58.88 
2rinSo 







3.142'". - J  33-31/64 2 
I 
I length of vent tape 
. #Gore 
* l o o  v u  
a Determine +a and 2 
Determine dimension L 
Determine dimension x 
Determine arc y 
Assume segment bc I s  an isosceles triangle 
Determine 
1.459 
'Os e 1.5711 - 0.92871 
= 21O46' 
Use 200 




c ------------- - - _ _  
I 
Fomax 
7958 Ib I 221 1b 
= #Gores P 
P = T = cme 'dev 
2.74'7 X 110.5 lb 
.I . 
I 
NOTE: Since  Pdev us ing  t h i s  
method of c a l c u l a t i n g  
i s  less than the  load . 
ca lcu la ted  us ing  method 
(13) we w i l l  use  t h e  
higher loads for deter-  
mination of  margin of  
s a f e t y .  
Load allowable for vent band 
(Use 3 p l y  x 550 l b  I ..l urt. t . s .  tape 
Pallow D e s i g n  Factor Pioneer Spec. 66-5, 
Type 11.) 
= 3w = 840 l b  
* 303. l b  
Hargln of  safety for vent band 
840 Ib -1.0 - 2.486 -1.0 'allowable -l.o 
'developed 337.8 l b  
M.S. = 





4 ply x 7000 Ib 
'allowable Design Factor 
t 
= 2.28 8 000 = 12,281 l b  
Margin of  safety 
(Rated strength for 
MIL-W-25361, Type 111) 
= 1 . 5 4 3  -1.0 = +54.3% 
Ref: Pioneer Dug. 3.7333 








Class 2B or 3 
MIL-W-5665, 
Fitting NASA 
Dwg. LB 151818 
(customer-furnished) 
4-point stitch 
w i t h  6-cord Dacron Typ. 
'allowable ' 
4ply X 7000. lb/Rlq I Design Factor 
p*ll , 
28 000 Ib -2.28 
4 
= 12,281'1b 










Pete m i n e  number o f inches of Q - ~ o l n t  s t f t ch lnR  seauisea 
e (100% theo. e f f i c i ency)  
. Web ult t .8.  7000 lb rated, 8500 lb actual 
Rated s t r e n g t h  of 6-cord Dacron 41.0 lb 
Efficiency of s t i tch ing  0.75 
5 s t i t ches / in .  
1. Determine no. s t i tches  req. 
Number Of stitches reqo *. web a c t .  u l t .  t.8. 2 (rated s t r e n g t h  cord x efficiency) 
= 138 sti tches 8500 = 2 x 41.0 x 0.75 
. -  
2. Determine no. of inches of s t i t c h i n g  req. 
NO. s t i t c h e s  I 138 I 27.6 in< 
5 No. of  inches of s t i t c h i n g  = stitches/ln. 
3 .  Determine no. of inches of 4-point s t i t ches  
4 po in t  makes 8 rows of st i tches .  
No. of inch o f  s t i t ches  
8 row/in. No. inch 4 po in t  * 
= 27.6 i n .  
3 row/in. 
= 3.48 i n .  (min. without design factor) 
. .  
P . A 6  Calcula te  length  of 4 point f o r  splice.  0 .90  x 0.9 
Length of 4 p o i n t  = Min l eng th  x design factor 
= 3.48 x 1.74 








Typ. webbing mat'l. 
MIL-W-4088, 1-3/4 wide x 




with Nylon 6 cord 
(customer-furnished: 
Hole 
Pallow on two legs 
=1.82= *' Oo0 l w g 0  lb P 2ply x 10,000 lb/ply Pall Design Factor 
Margin of safety (two l e g s )  
'a11 -1.0 -#g 10 0 -1.0 = 1.381 -1.0 
F, max 







(equal load) Pallow 
= -w, - 16450 lb. 3ply x 10,000 lb/ply 'a11 Design Factor 
Margin of safety (equal load) 
16450 -1.0 - 2.06 -1.0 7958 =all -1.0 P M * S *  = Fo max - 106% 
Determine number of Inches of 4-point stitching req. at loop 
ends . 
Web rated strength 
Of stitches reqe = 2(rate strength of cord x efficiency) 
P 10,000 lb 10,000 
2(50 lb x 0.75) - 75 
133 stitches 
Determine no. of inches of stitching req. 
No. of stitches 
stltches/in. No. of Inches of stitching = 
Determine no. of inches of 4 point (4 point makes 
stitching). 
8 rows of 
i 6 0 6  In* - 3.32 In. (min. without 
row/in. safety factor) 
No. inches 4 point = 






















9 . 0  WEIGHT BREAKDOWN 
The weight of t h e  complete parachute s y s t e m  supplied by' 
Pioneer Parachute was 38.8 l b  and is summarized in Table 9-10 
T h i s  meets t h e  40-lb maximum weight requirement. 
9.1 Parachute (Pioneer Dwg. 1.419) 
The t o t a l  weight of t h e  parachute i tself  I s  31.66 lb, 
cons i s t ing  of Dacron c lo th ,  tapes ,  cord, and thread. 
9.1.1 Cloth 
The parachute u t i l i z e s  1.9-oz/yd2 Dacron c l o t h  i n  Ring 1 
and 1.0-oz/yd2 Dacron c l o t h  In t h e  remainder of t h e  canopy. 
The quan t i ty  o f  1.9-02 c l o t h  required p e r  canopy 1s 4.5 yd2. 
T h i s  r ep resen t s  a weight of 0.535 lb. 
The quan t i ty  of  1.0-oz c l o t h  requi red  per canopy I s  145 gd2. 
T h i s  r ep resen t s  a weight of 9.062 l b .  
9.1.2 Radial Tapes 
The r a d i a l  t apes  a r e  3/4-in.-wlde, 550-lb Dacron tape, 
weighing 0.26 oz/yd. The quant i ty  required per canopy 18 
270 yd. T h i s  r ep resen t s  a weight of 4.388 lb .  
9.1.3 Radial-gap-reinforcing Tapes 
The gap-reinforcing tapes  are 3/4-in.-wide 300-lb Dacron 
tape weighing 0.16 oz/yd. 
i s  24 yd. 
The quan t i ty  requfred per canopy 
T h i s  r e p r e s e n t s  a weight or 0.240 lb .  
9 . 1.4 S k i r t  Reinforcing 
The canopy s k i r t  i s  reinforced w i t h  a s i n g l e  3/4-ln.-wlde 
The quan t i ty  r equ i r ed  550-lb Dacron tape weighing 0.26 oz/yd. 
per canopy 1s 4 1  yd. This  r ep resen t s  a weight of 0.666 lb. 
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1.1 1.9-oz Dacron c l o t h  - Ring 1 
1 . 2  1.0-02 Dacron c l o t h  - 
Rings 2, 3, & 4 
Sa i l s  5 ~ 8 ,  10, 11 
1.3 Radial tapes - 3/4" x 550 l b  
1 . 4  Radial gap re lnf .  - 3/4" x 300 l b  
1.5 S k i r t  tape - 3/4" x 550 l b  
1.6 Vent tapes - 3/4" x 550 l b  x 3ply 
1.7 Ring r e in f .  tapes - 3/4" x 550 l b  
1.8 Sail  r e l n f .  tapes - 3/4" x 300 l b  
1.9 Suspension l i n e s  - 550-lb cord 
1.10 Thread - allow approx. 
1.11 Reefing r i n g  
1.12 Reefhg r i n g  tapes - 
1-13 Post reef ing  l i n e s  - 550-lb cord 
1.14 B l u e  s t r ipe 
314" x 550 l b  
1.15 Radial  loop bu f fe r  
SUB TOTAL (Parachute) 
2.0 Attached riser 
3.0 Intermediate  riser 
4.0 Secondary riser 
j . 0  Vehicle attachment riser 
5.0 Deployment bag 
6.1 Deployment bag 
6.2 Balsa block 





















































































9.1.5 Vent Reinforcltrg 
The vent of t h e  parachute i s  reinforced wi th  three 3/4-in.- 
wide 550-lb Dacron tapes. The quant i ty  required per canopy I s  
10 yd. This  represents  a weight of 0.163 lb. 
9.1 . 6 Suspension Lines 
The suspension l i n e s  f o r  t h i s  canopy are of 550-lb Dacron 
cord weighing 61 yd/lb. 
492 yd. 
The required amount per  parachute is  
T h i s  represents  a weight of 8.066 lb. 
9.1.7 Ring and S a i l  ReinforcinRs 
The leading and t r a i l i n g  edges of a l l  r i n g s  and sai ls ,  
except where s k i r t  and vent hems are formed, are re inforced  
w i t h  3/4-ln.-wide Dacron tape.  The 550-lb tape is used for the 
r i n g s  and t h e  300-lb tape f o r  t h e  sai ls .  The quan t i ty  of 
550-lb tape required p e r  canopy I s  86 yd ,  which r ep resen t s  a 
weight of 1.398 l b .  The amount of  300-lb t a p e  requi red  i s  
312 yd, which represents  a weight of 3.120 lb .  
9.1.8 Reefing Rings 
Thirty-six r ee f ing  r i n g s  are required,  adding a weight 
of 0.585 l b .  
9.1.9 Reefing-ring Tapes 
The reefing-ring tapes  are made of 3/4-in. 550-lb Dacron 
tape folded i n  ha l f .  Five y i r d s  i s  required,  weighing 0.081 l b .  
9.1.10 Post Reefing Lines 
The reef ing-l ine material i s  t h e  same as the suspension 
l i n e s .  Nine ty- f ive  yards  I s  required,  f o r  a weight of 1.557 l b .  
9.1.11 Blue S t r ipe  
When the  1.0-oz Dacron c l o t h  was inked blue fo r  t h e  i d e n t l -  
f l c a t i o n  stripe,  t h e  c l o t h  weight was increased t o  1.6 oz/yd2. 
40 
The quant i ty  of c lo th  required i s  7.5 yd,  y i e ld ing  a weight 
of 0.75 lb. 
9.1.12 Radial-loop Buffer 
The radial-loop buf fer  is  3/4-in.-wide co t ton  t ape  
weighing 0.14 oz/yd. The quant i ty  required is  6 yd, which 
represents  0.053 lb.  
9.1.13 Thread 
Allowance i s  made f o r  approximately 1 l b  of thread. 
9.2 Attached R i s e r  
The riser t o  which t h e  suspension l i n e s  are sewn weighs 
1.5 l b .  T h i s  weight was not divided In to  individual  material 
weight 8. 
9.3 Intermediate Riser 
The intermediate-r iser  weight also was not Itemized. 
I ts  t o t a l  weight i s  1.313 lb. 
9.4 Secondary Riser 
The secondary riser I s  a l e n g t h  of 2000-lb cord weighing 
0.281 lb, 
9.5 Vehicle-attachment Riser ( B r i d l e )  
The weight o f  t h i s  r i s e r  was not separated i n t o  component 
parts. The t o t a l  weight i s  1.594 lb. 
9 . 6  Deployment Baq 
The deployment bag i t se l f  weighs 1.281 l b ,  and the balsa 
block weighs 1.25 lb, yielding a to ta l  weight of 2.531 lb.  
10.0 CENTER OF GRAVITY 
10.1 Packed Parachute -- 
The following s k e t c h  shows the center-of-gravity locat~on 
f o r  t h e  packed parachute. 
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-. . . ._ . '-r - I 
Length 
( a )  





1.28 1. 9.60 . 
1.25 17.50 
d w )  - 35.69 l b  
E(m) = 242.64 i n  l b  
. I  
. 
Center-of-gravity is  a t  6.80 in 
10.2 "Strung-out" Parachute 
The weight breakdown f o r  t h e  center-of-gravity ca l cu la t ions  
for  t h e  "strung-out" pa rachu te  i s  shown i n  Fig. 10.1 ,  and t h e  
loca t ions  f o r  the  weights are given i n  Fig. 10.2, which also 
shows t h e  center-of-gravity l o c a t i o n  f o r  t h e  "Strung-outA para- 
chute.  The calculat ions a re  shown i n  Table 10-1. 
. 
10.3 I n f l a t e d  Parachute 
The weight breakdown for the  cen te r  of gravity c a l c u l a t l o n s  
for t h e  i n f l a t e d  parachute is shown i n  Fig .  10-1, and the 
l o c a t i o n s  f o r  t h e  weights are given i n  Fig. 10-3, which a180 
shows t h e  center-of-gravity l o c a t i o n  for t he  i n f l a t e d  parachute,  
The c a l c u l a t i o n s  a r e  shown in Table 10-2. 
of the  included a i r  mass is as follows. 
The center-of-gravity 
= 13.591 
C o g  = (3 /8) r  + 608.57 (from Fig. 10-3) - 669.66 in, 
The weight of the  included a i r  ma88 18 a8 follow8 -. 
w - o .x (2/3)tc9 





z Figure 10-1. Weight breakdown for cog.  calcs. . 
. .  
- .  
I 
1,594 lb I 
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Figure 10-2. Location of weights breakdown for 
'Is t rung-out I' parachute. 
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Calculat ion of c . g .  for 40-f t  Ringsa l l  
Lengths taken from Figure 10-2. 
Weights taken from Figure 10-1. 
NOTE: Following values are for uninf la ted  "strung- 
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z(w) - 36.352 l b  
z(m) - 20669.98 i n - l b  
'H * 568.61 in .  
c . g .  i s  a t  568.61. 
(marked on Figure 10-2.) 
46.  
I -  
Figure 10-3 Length Breakdown for c.g. 
Calculations f o r  Inf la ted  Chute - 
760.924' 
726.419 
Weights taken from Figure 10-1. 
Length8 taken from Figure 10-3. 
Length 
( a )  
I n  . 




608 . 570 












l b  
1 . 594 
1.594 
1.500 














E) x (w)  
(d 


















Z(W)  = 36.399 1bs  
Z(m)  = 19628.84 1n.lb 
m c(m) = 539.27 In. 
c.g. is a t  539.27 In. 
(marked on Figures 10-3 and 11-1.) 
*Included a i r  mass 
TABLE 10-2 
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11.0 PARACHUTE ASSEMBLY MASS MOMENTS OF XNERTIA 
11.1 Parachute Assembly and Its C.G. Location 
Figure 11-1 depic t8  t h e  c h a r a c t e r i s t i c s  of a r i n g s a l l  para- 
chute  assembly, which upon canopy i n f l a t i o n  takes the shape of a 
hemlaphere. Using axis A-A a s  a base re fe rence  t h e  parachute 
assembly cog. l oca t ion  can be expressed a8 
For t h e  40-ft  Do r i n g s a l l ,  Table 11-1 lists the  evaluated 
c h a r a c t e r i s t i c s .  Use of the above equat ion r e s u l t 8  i n  
0 
A-A = 34.5 rt (11-2) 
11 .2  Canopy Material 
11.2.1 R o l l  I n e r t i a  of Fabric  Circumferent ia l  BPnda That . 
Make Up Canopy ( w i t h  respect  t o  z-z ax i s ) .  
The r o l l  mass moment of i n e r t i a  can be shown t o  be 
n 
I 2-e = I[2/3rrncr4(sin e2(cos2e2 +2) -sin e1(cos2el + 2111 (11-4) 
I 
where mc Is the canopy material mass d i s t r i b u t i o n  p e r  u n i t  area 
and n I s  the number of c i rcumferent ia l  r ings .  
Table 11-2 depicts the prope r t i e s  a s soc ia t ed  with the circum- 
f e r e n t i a l  r i n g s  used on t h e  40-ft Do r l n g s a i l  parachute. Evalua- 
t i o n  of equat ion (11-4) yield8 
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Descr ip t ion  
Canopy Material 
36 Radial Bands 
Canopy Apron 
36 Shroud Lines 
Riser Assembly 
Parachute A s s e m b l j  
t o t  a1 weight 
h, canopy apron width = 0.062 ft 
=, angle made between any shroud l i n e  and system 
c e n t e r l i n e  = 19.5O 
r, canopy i n f l a t e d  r a d i u s  = 13.591 ft 
L, shroud l i n e  length  = 40.0 !% 
’ .  
, 
RING NO. I UT. (LB) 8 1  (dee) 82 (de61 
1 1,017 76.3 83.4 
2 . 878 67.4 75 00 
3 1.136 58.8 66.4 
4 1 391 50.5 58.1 
5 1.368 42.7 50.2 
6 1 552 35.0 i Z . 7  
7 1.737 27-42 35.0 
8 1 905 19.88 27,42 
9 0 --- -...- 
10 2 . 187 7.38 1 4  095 
11 3.468 0 7-38 
TABLE 11-2 
Propert  l e s  of Fabric Circumferential  Rings 
Associated With 40 F t  Do Ringsal l  Parachute Canopy. 
Tota l  16.637 l b  
Tota l  area of 11 ci rcumferent ia l  r i n g s  ( to ta l  canopy 
cloth area)  - 1142 f t2  
= 16*637 - -452 x 10-3 lb-sec2/ft3 % 32.2 (1142) 
52 
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11.2.2 P i t c h  and Yaw I n e r t i a  of Fabric Bands That Make 
Up Canopy (with respec t  t o  x-x and 37-y.axl8). 
The p i t c h  and yaw mass moment of i n e r t i a  can be 8hOWn t o  be 
For the  4 O - f t  Do r i n g s a i l  parachute 
=x-x 1 Y-J 58.927 lb-ft-sec2 (11-7) 
With respect  t o  t h e  parachute assembly cog. ax is  
11.3 Radial Bands 
11.3.1 Roll Inertia of Radial Bands on a Canopy (with respect 
t o  2--z axis). 
T h e . r o l 1  mass moment of i n e r t i a  of t h e  radial bands can be 
shown t o  be 
4 
sin 282 - s i n  261 (11-9 1 .D mbr3 + 
2-2 
I 
where n I s  the number of r a d i a l  bands under consideration. 
mass d i s t r i b u t i o n ,  mbs is t h e  mass of t he  radial band per unit 
running length.  Hence 
The 
3 
-wa mb n g r m  
'2 
(11-10) 
For t h e  40 it Do r i n g s a i l  parachute under cons idera t ion  
he re in  there are 36 radial bands. Hence 
53 
Equation (11-9) when used for  t h e  40 f t  Do r i n g s d l  
y i e l d s  
= 13.10 lb-ft-sec2 (11-12) 2-2 I 
11.3.2 P i t c h  and Y a w  I n e r t i a  of Radial Bands on a Canopy 
(with respect t o  x-x and y-J ax is ) .  
The p i t c h  and yaw mass moment of i n e r t i a  can be shorn! t o  be 
P s i n  2 8 2  - sin 2 8 1  
4 = I  - 4 ~ m ~ r 3 ~ ;  sin2rI- + x-x Y-Y 1 I 
+ 4 3 (11-13) 82'81 - s i n  262-8111 261 2 

















I n  t h e  40 f t  Do r i n g s a l l  parachute 
= I  * 19.75 lb-ft-sec2 
IX-X Y - J  
The p i t c h  and yaw mass moment of i n e r t i a  w i t h  respec t  t o  the 
s y s t e m ' s  c.g. 1s 
= 19.75 + 4 64 (4 .96)2  = 22.29 lb-ft-sec2 (11-14) 
IX-x = IY-Y 32.2 
54 
11.4  Shroud Lines 
1 1 . 4 . 1  Roll I n e r t i a  ~f SbzouQ Lines M!akirrg Up a Parachute 
(with PeSpeCt t o  20% -8) .  
The roll mass moment of I n e r t i a  of a number of shroud ]line% 
can be shown t o  be 
where m8 is the mass d i s t r i b u t i o n  o t  t he  shroud l i n e  per  running 
u n i t  length.  The number of shroud l i n e s  is designated n. 
m =L 
8 n L g  .(11-16) 
I n  t h e  40 f t  Do ringsail 
Using equation (11-15) y i e l d s  
I 2-2 15.7 lb-ft-sec2 (11-18 j 
11.4.2 P i t c h  and Yaw Inertia of Shroud Lines Making UP a 
Parachute ( w i t h  respec t  t o  B-B and C-C ax i s ) .  
The p i t c h  and yaw i n e r t i a  can be shown t o  be 
(11-19) 
Evaluating t h e  above yields  
'B-B IC-C - 26.0 lb-ft-sec2 (11-20) 
With r e spec t  t o  the  bystem's cog. 

















11.5 Canopy Apron 
The standard expression appl ies  hem, and $8 
where. ma Is the total  ma88 or the apron. 
l b  sect ma = 2& = ,072 ‘7
Hence 
(11-22) 
( 11-23 1 
(11-24) 
3 
. i  
: 
i 
. !  
i 
_ .  
The standard expression I8 
= I  
x-x Y-Y m 3 (r2 i i2) I (11-25) 
Hence a 
= 6.5 lb-ft-sec‘ 
x-x = IY-Y . I (11026) 
With respect t o  the system’s c.g. 
2. 1 









12.0 FABRICATION AND PACKINO 
1 2 . 1  Fabr ica t ion  - 
The parachute-fabrication sequence was as follows . 
(a) Cut c l o t h  and s t a m p  r i n g  o r  s a i l  number i n  upper- 
rkghthand corner,  
(b) Baste r ings  o r  sails  together down main seams, forg- 
i n g  a series of complete r i n g s  from vent t o  s k i r t ,  
( c )  Attach circumferent ia l  re inforc ing  tapes t o  leading 
and t r a i l i n g  edges of r i n g s  and sails .  
( d )  Make s k i r t  and vent hems. 
( e )  Mark radial  tapes w i t h  r i n g  and s a i l  pos i t ions  and 
cut .  
( f )  Sew cot ton loop b u f f e r  t o  radial tapes, folding t h e  
r a d i a l ,  ready f o r  suspension-line-attachment loop formation. 
(g )  Attach radial tapes,  s t a r t i n g  at t h e  vent, matching 
m a r k s  t o  r i n g  and sai l  edges. I n s e r t  t h e  radial-gap-reinforce- . 
ment tape through the  gap and form t h e  suspenslon-line-attach- 
ment loop when the  s k i r t  is reached. 
( h )  Add two-point cross s t i t c h i n g  t o  radial  at vent, 
s k i r t ,  and top and bottom of the gap. 
(i) Mark and cut suspension lines per  Ins t ruc t ions  on 
drawing 1.419. 
(j) Attach suspension l i n e s  t o  suspension-llne-attachment 
loops and zig-zag s t i t c h ,  
(k) Attach other .end of suspension l i n e s  t o  a t tached 
riser, and c lose  r i s e r  ends. 
The parachute I tself  is now complete except f o r  gore 




1. . V e r i f y  t h a t  canopy S/N, deployment bag S/N* and asay 
SIN are t h e  same, and record on l o g  sheet. (Use Porn E-O067-AT/4Aa) 
2. V e r i f y  t ha t ' p ionee r  and Martin inspec t ion  stamps are 
on canopy, on bag f l a p ,  and adjacent  t o  asay S/N on bag, 
3. S t r e t c h  canopy and suspension l i n e s  under tension.  - 
(See photo S r l . )  
4. Pleat canopy gores, 18 t o  each side,  w i t h  R 1  gore up. 
5. V e r i f y  t h a t  post  r e e f i n g - l i n e  lengths  are equal,  that 
red ends match red ends, t h a t  blue ends match blue ends, and 
t h a t  s p l f c e s  match splices. 
6. Relieve tens ion  In canopy. 
7.  Check reference marks of sp l ice  a t  s k i r t  t o  a s su re  
proper l e n g t h s .  (Splice must not be located in canopy. Should 
be l i k e  d e t a i l  on Dwg. 19.1464.) 
8. Retension canopy. 
9 .  Temporarily tack one pos t  r ee f ing  l i n e  a t  m i d  gore #5, 
and flag. 
10. Feed r e d  end of l i n e  through r ings  85 through #32, and 
t i e  on r i n g  1932. 
11. Feed b l u e  end of l i n e  through r i n g s  #6 through X 1 4 ,  
and t i e  on r i n g  #14. 
12 .  Temporarily tack pos t  r e e f i n g  l i n e  a t  m i d  gore #23, 
and flag, 
13. Feed r e d  end of l i n e  through r i n g s  %23 through Xlb, 
and t i e  on #l4. 
1 4 .  Feed b l u e  end of l i n e  through r i n g s  1124 through #32, 
and t i e  on #32. 
59 
Photograph Number 1 
60 
7 - -  . . . . ~  --. _ _ . - -  . . . ----e.. 
~ 
. .  I 
15. Check each t i e - o f f  t o  assure  propoer serv ing  anQ 
I 
excess end removal. (See Detail B, Dug. 19.1464.) 
16. With Dacron "F" thread, tack post reefing l ine  at  
s k i r t  per p r i n t .  ( R e f .  Dwg. 19.1464.) 
17. 
loop I n  bottom Ins ide  of bag. 
18. I n s t a l l  balsa wood block i n  deployment bag, and 
I n s t a l l  6-cord Dacron t i e  (approx. 7 f t  long) t o  
(Use bowline knot.) 
record block weight. (Use Form E-0067-AT/4A0) 
Check weight of bag and block, and record weight. 19. 
(Use Form E-0067-AT/4A0) 
20. 
21. Attach 6-cord Dacron t i e  from bag t o  apex. (Use 
Repleat canopy gores, and f o l d  i n  post  r ee f ing  l i n e s .  
bowlfne knot . ) 
22. Relieve tension. 
23. Remove temporary tacks  and flags from mid gores #5 
and R23. 
24. Gather suspension l i n e s  i n t o  bundles approximately 
10% i n .  long and hold with rubber bands. 
Place f i l l e r  block i n  bottom of packing container.  
# 3 . )  
cord. (See photo 84.1 
(See photo 12.) 
(See photo 
Place bag i n  packing container ,  and secure w i t h  550-lb 
25. Fold panels #1 through #8 I n t o  bag and put under 
pressure.  (See photo # 5 . )  
26. Relieve pressure,  fo ld  i n  panel #lo, and reapply 
p r e s s u r e .  
27. Relieve pressure, fo ld  i n  panel #ll, and reapply \ 
pressure.  (See photo 1 6 . )  
I 
‘- 





Photograph Number 3 
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Photograph Number 5 
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Photograph Number 6 
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28.  Relfeve pressure,  
29. Lay In one level of  bundled ’suspension lines, 
Remove rubber bands from laid-In level. 
3 0 .  Lay I n  nex t . l eve1  of bundled suspension lines at  
r i g h t  angles t o  previous level.  Remove rubber  bands.from 
la id- In  l eve l .  (See photo X7.) - 
31. Repeat s t e p  30 u n t i l  a l l  l e v e l s  are completed. 
32. Reapply pressure,  
33. Fold i n  riser port ion of canopy t o  c u t t e r  knife, 
and t i e  bag mouth w i t h  550-lb Nylon cord s leeve ,  and attach 
red  flag. (Use s l i p  knot with locking loop.) (See photo #So) 
34. Feed 300-lb Dacron cord through mouth t i e s ,  and rig 
c u t t e r  knife. 
35. Fold i n  excess riser. (See photo 
36. I n s t a l l  l i d  and r e t a in ing  bol t s .  
i 
i p  
. 
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Photograph Number 9 
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APPENDIX A 
Computer Run for Opening Force 
-._ 
: 00000000b000000000000 
0 : .  " a * 0 0 .I 0 c 
no00 0 00  OO# 
0 0 0 0 .I 0 0 0 
zulcnrll In ul d m n ' d  
I. i 1 ; : . i  i i , i  I '  . .  . .  
0 m 0 m 0 rl c o n  I - i  4 0 QlOn d 0 0 n n I 
0 0 0 0 0 0 0 0 ~  
0 0 0 0 0 0 0 0 0.0 
+ . I r . I . I . I r . I . I r  1 
0 0 0 0 0 0 0 0 0  
J000000000 
+ * . I * o * . I * r n &  
l00000000 
j 0 0 9 0 0 0 0 0 0  
Q * * * * * . I * * . I  
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0 0 0 0 0  
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LABO!?ATORY J O I N T  TEST FEPORTS 
T h i s  appendix p re sen t s  t h e  r e s u l t s  of l abora tory  s t rength-  
of-materials and s t r u c t u r a l - i n t e g r i t y  tests required by Para, 
1.15 of t h e  Work Statement f o r  Martin Marietta Contract 
MC7-709025, Amendment 1. 
The tests reported on here were made t o  a s c e r t a i n  the 
adequacy of t h e  pr imary  s t r u c t u r a l  (and i n  some cases  the  
secondary s t r u c t u r a l )  members of the  parachute assembly, 
Pioneer dwg. 19.1464. The s t y l e  and format of these r e p o r t s  
are in accordance w i t h  parachute-industry s tandard technology. 
Figure 1 and Table 1 a r e  furnished as a guide t o  l o c a t i n g  
s p e c i f i c  tests. Refer t o  either Fig. 1 o r  Table  1 t o  ob ta in  
a s l a s h  number f o r  t h e  tes t  area desired. T e s t  r e p o r t s  follow 
Table 1 i n  numerical order .  
r e p o r t ,  it bears  t h e  same i d e n t i f y i n g  number as the report. 








































LABORATORY TEST REPORTS, E-0067-TL SERIES 
1 
Stem( 8 )  tested 
Joint ,  suspension l i n e  t o  webbing 
Suspension l i n e  Spec E-0067-1 
Joint ,  suspension l i n e  t o  loop 
attachment 
Hem,  sk irt  band 
Seam, main 
Hem, gap reinforcement and bottom 
of sail 
Hem, top of sa i l  
Hem, top o f  rings 
Tape, radial ,  wheinforcing band 
Band, vent 
B-3 
LABORATORY TEST REQUEST/REPORT . 
Jo in t .  suspension l i n e  t o  webbinn 1 NO . E-0067 ITEMCS) TO BE TESTED Y- - -- - - - - .._ 
-TGl Ref. dwg. bo. 1.419, sheet 2. / T E S T  m nnE- De L-uvo[- t a l l  G I NO. 
1 
1 - 
'URPOSE @ ULTIMATE QPOINT OF @ E F F I C I E N C Y  D O T H E R  
STRENGTH FA I LURE 
TEST METHOD Use Tinius  Olsen t e s t i n g  machine, 1200-lb 
sca l e ,  w i t h  12-in./min. load rate.  Fabr i ca t e  and p u l l  3 
samples p e r  a t t ached  sketch. 








Av. 5263 or 91.63 
. .  
RESULTS AND CONCLUSIONS 
I J 
COMMENTS 
1. All specimens fa i led at 
po in t  I n d i c a t e d  on 
a t t ached  sketch.  
2.  Theore t i ca l  u l t ima te  
s t r e n g t h  of weakest 
member is 5733 l b  
( 9  cords x 637 l b  av. str.). 
f o r  de ta i l s  of 637-1b av. 
u l t .  s t r eng th .  
s t r e n g t h  of weakest 
member = 4950 ( 9  cords x 
550 rated u l t . . s t r . )  
3 1  See tes t  no. E-0067-TL/2 
4. Rated s t r e n g t h  is u l t i m a t ?  
1. 
r e s u l t s  from similar  appl ica t ion .  (Previous tests were on 
o l d  Tinius  Olsen Machine.) These tests were conducted 
u s i n g  new machine. 
2. Eff ic iency  of j o i n t  I s  (av. u l t .  str. of j o i n t ) /  
F i r s t  estimate of j o i n t  e f f i c i e n c y  was 93% based on tes 
. .  . ,' . 





























J o i n t  same as Detail G., 
Sheet 2 ,  Dwg.  No. 1,419. 
A l l  9 l i n e s  o f  equal 
length. 




JPB fr . tu . 
DATE REQUESTED REQUEST APPD. BY DATE APPROVED 
Y PB 
LABORATORY TEST REQUEST/REPORf 
A l l  f a i l u r e s  occurred over min. ultimate rated strength. -. . 
. .  
ITEMCS) TO BE TESTED E-0067 
Suspension l i n e  spec E-0067-1 I NO. I 
* I  ’ . - -  1 TEST E-On67-TW2 NO . 
I I I 
U l t .  strength, lb TABLE . 
Piece Roll  
- 1  620 648 650 620 652 640 
601 602 603 604 605 606 
2 638 610 658 640 640 640 
3 630 615 658 640 642 636 
4 640 
5 6 32 
‘ 6  620 
Av/roll 630 624 655 633 644 638 
Av for t o t a l  lot = 637 
. - - - -  
. .  
1 .  
8 
GENERAL REMARKS J 
T e s t  samples were taken from material bought on Purchase 
. -  Order 39651. 
TESTED BY J. P.  Brecht DATE COMPLETED 
. *  . .  
ITEMCS) TO BE TESTED 
J o i n t ,  suspenslon l i n e  t o  loop 






w i t h  12-in./min. load rate. Similar t o  Federal Spec i f i -  
ca t ion  CCC-T-lglb, Method 4102,  except fabricate and pull 
4 samples per  a t tached sketch.  
REQUESTED BY DATE REQUESTED REQUEST APPD. BY DATE APPROVED 
JPB JPB 
a 
Sample U l t .  Gtrength, lb 
. 1  614 
2 6 32 
I Average u l t .  s t r eng th  of weakest member (suspenslon l i n e )  i s  637 l b  - See t e s t  no. E-0067-TW2 f o r  details .  i 
GENERAL REMARKS 
s t r eng th  requirements. 
I 
J o i n t  is acceptable for appl ica t ion  intended and meets 
LABORATORY TEST REQUEST/REPORT 









RESULTS AND CONCLUSIONS 
1. Eff ic iency of j o1n t . l s  (av. u l t .  str. of  j o i n t ) /  
(av. u l t .  str. of weakest memberk(620 1b)/(637 l b )  - 97%. 
2. Efficiency of joint 1s  (mln. ult. t.s. of j o i n t ) /  
(mln. u l t .  t.s. of weakest member) = (614  ib)/(610 l b )  
= loa+. . _  
DATE COMPLETED 
A 
. .  
. .  . . . .  B-7 
, 
Direction 
o f  
P u l l  
See dwg. 1.419 for d e t a i l s  of materials and Joining 
Joint-suspension line to  loop attachment 
Sketch E-0067-TL/3 
B-8 
. .  
REQUESTED B Y  
JPB 
LABORATORY TEST REQUEST/REPORT 
DATE REQUESTED REQUEST APPD. BY DATE APPROVED 
, 4/6/67 JPB 4/6/67 
ITEMCS) TO BE TESTED PROJECT E4067 Hem, s k i r t  band, see dwg. 1.419 
Detai). C f o r  details. 
I 
'URPOSE ULTIMATE O P O I N T  OF U E F F I C I E N C Y  (JOTHER 
STRENGTH FA1 LURE 
1 L 
TABLE 
Sample U l t .  st;renRth, lb 
3 : .  562 
Avo . . . .  . . ' 5 5 8  o r  98% 
. .  .. . .  
. .  
, 
. .  . 
. .  
. .  . 
*. 
RESULTS AND CONCLUSIONS 
I 
COMMENTS 
Dacron t ape  spec 66-5 Type I 
cont ro l  samples were from 
r o l l  #601. ' 
(Av. u l t .  str. of 3 con t ro l  
samples 'was 570 lb.) 
.. 
. _  
- .  
1. Efficiency of j o i n t  I s  (av. u l t .  str. of j o i n t ) /  
(av. u l t .  a t r .  of reinforcZng t a p e x 5 5 8  lb) / (570 Ib) - 981 
2. Ultimate s t rength  or the'henr i s  within predicted 
value and l e  acceptable. 
I 
. .  . .  
. .  
* 
I . .  . 
GENERAL REMARKS 
t 
. .  
. .  
TESTED B Y J .  P. Brecht 4/7/67 IDATE COMPLETED 
. .  
. .  0. ?- 
. .  - .  . a .  . .. 1 . .  . .  B-9' . .  . -  
8 
E 





Strip down excess 
c lo th  t o  this p o l  
Overlap of Skirt Reinforcement 
See Note 15 
Detail C, Dwg. 1.419 
Hem, S k i r t  Band 
Sketch E-0067-TL/4 
B-10 
LABORATORY TEST REQUEST/REPORT 
* 1 ITEMCS) TO BE TESTED E-0067 ;em, main 40-f t  Ringsall. NO. 
TEST 
iection 2-2. NO . E- 0 06?.-TL/5 kef. dwg. no. 1.419, Sheet 1, 
1 
URPOSE @ U L T I M A T E  O P O I N T  OF QEFFICIENCY O O T H E R  
'EST METHOD S i m i l a r  t o  Gderal Spec i f i ca t ion  CCC-T-19lb, 
lethod 5100, except 4 samples t o  be fabricated and pu l l ed  
)er attached sketch. Use Scot t  Serigraph, Model 53, 110- 
Lb-capacity tes t  machine. 
LEQUESTED BY DATE REQUESTED REQUEST APPD. BY DATE APPROVED 
STRENGTH FA1 LURE 
- 
t PB 4/3/67 JPB 4/3/67 
1 I 1 
'ABLE 1 COMMENTS 
jample U l t .  s t r e n g t h ,  l b  1. T h i s  main seam is  t h e  
same as used on 84-ft 
Ringsa i l  except radial 




2 20.5 tape I s  550-lb min. u l t .  
3 28.5 300-lb min. u l t .  s t rengt l  
- .  - 
. 4  25.0 (See dwg. no. 1.562 Sect ion 
z-2 . ) Av . 24.5 for 1- 
i n .  t e s t  
s e c t  ion. 
* 
e .  
I 
. .  
I 
3ESULTS AND CONCLUSIONS 
1. Average u l t ima te  s t r eng th  of con t ro l  sample of c l o t '  
I s  36 lb/ln. 
2. Efficiency of J o i n t  is  (av. u l t .  str. of J o i n t ) /  
(av. u l t .  str. of c lothX24.5 lb) / (36 l b )  - 682. 
3. Eff ic iency of j o i n t  is greater than  predic ted  value 
and I s  acceptable  for t,his type  construct ion.  
GENERAL REMARKS 
1. T e s t  samples from c lo th  material bought on P.O. 
. .  39634 
TESTED By Bayles ,  LaRivlere 
L mecnl; y ~ y t d o ,  
I DATE COMPLETED 
9/30/66 and r e v e r i f i e d  4/27/67 
. .  .. . .  . .  B-11 . .  
6 
Pull  










1. S t i t c h  w i t h  E thd V-T-285 7 t o  11 st/ in.  





. .  . 
LABORATORY TEST REQUEST/REPORT 
ITEMCS) TO BE TESTED E-0067 Hem, gap reinforcment and bottom 
of sa i l .  See dug. 1.419, Sect ion 
x-x . NO. E-OO67-TW6 
I 
PURPOSE @ ULTIMATE O P O I N T  OF m E F F I C I E N C Y  O O T H E R  
STRENGTH FA I LURE 
S TEST METHOD Simi lar  t o  Federal Spec i f i ca t ion  CCC-T-19lb 
Method 4102, except f a b r i c a t e  and p u l l  3 samples per 
a t tached  sketch. 
range, w i t h  12-in./mln. load ra te ,and 3 i n .  s p l i t  drums. 
Use Tinlus  Olsen t e s t i n g  machine, 690-lb 
REQUESTED BY DATE REQUESTED REQUEST APPD. BY DATE APPROVED 
JPB JPB , 
I I 
TABLE 
Sample S/N S/N 
U l t .  s t r eng th ,  l b  
506025 e 50626 
294 1 -. 296 
. ’ 
2 292 290 . 
3 .  290 296 
. .  
Av. . 292 . _  292+ 
, 
. .  
ZESULTS AND CONCLUSIONS 
I 
COMMENTS 
1. Dacron tape spec 66-5 
Type I, c o n t r o l  samples 
were from r o l l  i l l 0  (av. 
u l t .  s t r e n g t h  of 3 con- 
t r o l  samples was 308 lb* 
2. No apparent s t r e n g t h  
d i f f e rence  between con- - .  s t r u c t i o n  of S/N 506025 
o r  506026. 
* .  
1. Eff ic iency  = (av. u l t .  str. of j o i n t ) / ( a v .  a c t u a l  
s t r .  of tape) = (292 lb ) / (308 . lb )  = 95%. 
2. J o i n t  e f f i c i e n c y  is within predicted va lue  and is 
scceptable  for app l i ca t ion  intended. 
;ENERAL REMARKS 
. .  
. .  
E S T E O  BY DATE COMPLETED 
. .. . . .  . .  . .  
B-13 * .  . .  . .  . .  . .  
-i . 
Trim back excess  c loth  




Overlap o f  Skirt  Reinf. 
See  Note 15 ,  Dwg. 1.419 
I 
Section 2-2 
Joint  hem, gap reinforcement 
Sketch E-0067-TL/6 
B-14 





. .  
RESULTS AND CONCLUSIONS 
. .  
1. Efficiency - (av. u l t .  str. of Joint)/(av. actual 
str. of tape) = (292 lb)/(308 l b )  = 95%. 
2 .  Joint  e f f ic iency  Is -within  predicted values and is 
acceptable for application Intended. 
GENERAL REMARKS 
. .  

















LABORATORY TEST REQUEST/REPORT 
DATE REQUESTED REQUEST APPD. BY DATE APPROVED 
JPB 
ITEMCS) TO BE TESTED E-0067 Hem, t o p  of r i n g s ,  see dug. no. 
1.419, -.Section X-X. 
I 
PURPOSE @ ULTIMATE O P O I N T  OF @EFFIC IENCY O O T H E R  
STRENGTH FA I LURE 
TEST METHOD 
Method 4102, except  fabricate and p u l l  3 samples per 
a t tached  sketch.  Use T i n i u s  Olsen t e s t i n g  machine, 600-11 
range, wi th  12-in./min. load rate, and 3 i n .  s p l i t  drums. 
Same as Federal Spec i f i ca t ion  CCC-T-19lb, 
I 
TABLE 
Sample U l t .  s t r eng th ,  l b  
1 554 




. .  
RESULTS AND CONCLUSIONS 
I 
COMMENTS .. Dacron tape spec 66-5 
Type 11, c o n t r o l  sample 
taken from r o l l  #60l 
(av. u l t .  rrtrength of 
3 c o n t r o l  samples wad 
570 1b)o 
1. Eff ic iency  of j o i n t  is (av. u l t .  str. of joint)/ 
(av. u l t .  str. of re inforc ing  tape)  = (560 lb)/(570 l b )  
98%. 
2. J o i n t  e f f i c i ency  I s  with in  pred ic ted  values and is. 
acceptable  for app l i ca t ion  Intended. 
* 
k N E R A L  REMARKS . 
. .  
. .  . .  
r E m o  BY DATE COMPLETED 
. .  
S-16 . .  . .  . .  . .  . 
. .  .. 
. .  . -  --- - . _  
LABORATORY TEST REQUESTIREPORT 
‘ape, radial, w/reinforclng NU 
rember;. TEST E-0067-TWg 
NO . 
~ 
URPOSE QULTIMATE @ P O I N T  OF  EFFICIENCY O O T H E R  
rEST METHOD Same as Federal  Spec i f i ca t ion  CCC-T-19lb, 
Yethod 4102, except f a b r i c a t e  and p u l l  3 samples  per 
attached sketch. 
2400-lb range, w i t h  12-in./mln. load rate, and 3 i n .  s p l i t  
b u n s .  
2EQUESTED BY DATE REQUESTED REQUEST APPD. BY DATE APPROVED 
JPB JPB 
STRENGTH FAILURE 
Use Tin ius  Olsen testlag machine, 
I 
rABLE 
Sample U l t .  s t r eng th ,  l b  
- .  1 572 






. .  
I 
COMMENTS 
1. Radlal  t ape  failed a t  
point  ind ica ted  on 
sketch. 
2. Dacron tape  spec 66-5 
Type 11, con t ro l  samples 
were from r o l l  8601 (av. 
u l t .  s t r e n g t h  of 3 con- - .  t r o l  samples was 570 l b )  
. .  
RESULTS AND CONCLUSIONS 
a t tached  sketch; which-wouXd i n d i c a t e  t h a t  t h e  radial 
tape shown i n  Detail E of dwg. 1.419 I s  100% e f f i c i e n t .  
1. A l l  t e s t  samples f a i l e d  a t  poin t  i nd ica t ed  on 
2. J o i n t  e f f i c i e n c y  is within p red ic t ed  values and is 
acceptable.  . .  
8 
GENERAL REMARKS 
. .  
. .  
TESTED BY I DATE COMPLETED 
. .  . .  .. . . .. . .  . .  
8-17 . .  . -  
. 
I 




P u l l  
I 
I 
See D w g .  1.419 for 
detai ls  of material 
and construction. 




LABORATORY TEST REQUEST/REPORf 
PROJECT 
TEST 
I NO. E-0067 [TEMCS) TO BE TESTED ind, vent. 
_ _  1 NO. E-00674/10  
URPOSE @ULTIMATE O P O I N T  OF a E F F I C I E N C Y  O O T H E R  
rEST METHOD Use Tinius  Olsen t e s t i n g  machine, 2400-lb 
mge, w i t h  1 2  in/rnin load r a t e .  T e s t  s i m i l a r  t o  Federal  
3ec. CCC-T-lglb, Method 4102, except fabricate and p u l l .  
?e sample p e r  attached sketch. Use 3 in .  s p l i t  drums. 
STRENGTH FA1 LURE 
~ E ~ U E S T E D  BY DATE REQUESTED REQUEST APPD. BYIDATE APPROVED I I 
JPB I 6/9/67 I 
r ABLE 
Sample W l t .  s t rength ,  lb 
1 1682 
RESULTS 
JPB I 6/9/67 
COMMENTS 
Dacron tape spec 66-5, 
Type 11, con t ro l  sample u l t ,  




Eff ic iency  of j o i n t  1s (av. u l t .  str. of  j o i n t ) /  
u l t .  str. of r e in fo rc ing  tape) = (1682 1b)/(573x3) 
,682 lb)/(1719 l b )  - 98%. 
2. U l t i m a t e  s t r e n g t h  of hem i s  within pred ic ted  value 
nd is acceptable.  
~ ~ ~~ 
CONCLUSIONS 
TESTED B y  J. P. Brecht IDATE COMPLETED 6/9/67 
. .  . .  . .  . .  
. .  B-19 
. .  . 
(ref. Pion. Dwg. No. 1.419 OR-1.) 
Band, Vent 
Sketch E-0067-TL110 
I 
